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(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to obtain a required motor 
output without increasing battery capacity in an electric power controller 
for an electric vehicle. 

SOLUTION: DC electric power outputted from a battery 1 is controlled by a 
chopper circuit in such a way that it turns into intermittent outputs. These 
intermittent outputs are smoothed by a smoothing circuit 6 and converted 
into an AC output by an inverter 7 to drive a motor 10. This motor 10 
drives wheels 13a r 13b via a gearbox 1 1 and axle shafts 12a, 12b. The 
chopper circuit 5 is intermittently driven at the duty ratio □ that is set in 
accordance with a motor output demand value determined by a torque 
processing controller 1 4 and an inverter input voltage obtained from the 
demand value, in such a way as to be changed over between the maximum 
value that the battery 1 can output and the value lower than it. This 
structure makes it possible to use the maximum output value of the battery 
having higher power level at the initial discharge than when discharged 
continuously. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the electric vehicle supplied to the motor which changes into alternating current power with an inverter the direct 
current power outputted from a dc-battery, and drives a wheel The electrical potential difference supplied to said inverter is 
changed from said dc-battery between the maximum in which the output of said dc-battery is possible; and a value lower than 
this. And the power control unit of the electric vehicle characterized by having the electrical-potential-difference intermittent 
supply circuit which carries out intermittent supply so that the average value of the electrical potential difference which 
discharges from said dc-battery may become more than the minimum operating voltage of said inverter and said motor 
[Claim 2] The power control unit of the electric vehicle according to claim 1 which said electrical-potential-difference 
intermittent supply circuit is a chopper circuit, and is characterized by preparing the smoothing circuit which graduates the 
electrical potential difference by which intermittent supply is carried out from said chopper circuit between this chopper circuit 
and said inverter. 

[Claim 3] Intermittent supply of said electrical potential difference is the power control unit of an electric vehicle given in either 
of claims 1 or 2 characterized by performing it with the duty ratio set up based on the output request value and inverter input 
voltage of said motor as said electrical-potential-difference intermittent supply circuit is driven. 

[Claim 4] said duty ratio — alpha — a duty ratio and PL — a motor output request value and Pmax — the maximum discharge 
power of a dc-battery, and VL — inverter input voltage required for the motor output request value PL, and Vbo — dc-battery 
open circuit voltage and Vbf — discharge final voltage — carrying out — PL/Pmax<=alpha <=(VL-Vbo)/(Vbf-Vbo) 
The power control unit of the electric vehicle according to claim 3 characterized by setting up so that ****** may be filled. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the power control unit of an electric vehicle. 
[0002] 

[Description of the Prior Art] As a power control unit, of the conventional electric vehicle, the technique indicated by JP,9~ 
31 2901 A for example is known. With the above-mentioned conventional technique, in order to control the charge-and-discharge 
power of a dc-battery the optimal, the maximum discharge power PD is calculated by PD=Vmin-Idmax=Vmin-(EO-Vmin)/R, for 
example from the electrical-potential-difference value and current value which were sampled at the time of discharge. Here, for 
Vmin, discharge final voltage and Idmax are [ open circuit voltage and R of the discharge allowable current and EO ] internal 
resistance. 

[0003] On the other hand, it is rare to discharge with the maximum discharge power, and since the miniaturization of a motor can 
be performed if the maximum current at this time can be lessened, in consideration of this, PI -Idmax'- (EO-Idmax-R) also 
calculates maximum discharge power PI'. Here, Idmax' is a motor maximum rating current. And it is made to perform controlling 
the discharge of a car for the output of the direction which requires a limit according to a minimum electrical potential difference 
or an upper limit current, i.e., the direction where a power value becomes small, as the actual dc-battery maximum output among 
the maximum discharge power PD computed from the internal resistance of a dc-battery, and maximum discharge power PI' 
calculated from a current upper limit. In addition, also in charge control, it is the same. 
[0004] 

[Problem(s) to be Solved by the Invention] When the discharge final voltage in the discharge output of the selected dc-battery is 
smaller than the minimum input voltage of an inverter although it is made to control based on an operation and the selected 
maximum charge-and-discharge capability in consideration of protection from the fault charge and discharge of a dc-battery 
however if it is in charge-and-discharge control of the above-mentioned conventional dc-battery, an inverter cannot operate a 
request but a predetermined motor output will be obtained. Although it is possible to enlarge power resource in order to avoid 
this, there is a problem that a dc-battery will become the large volume, weight size, and cost high in this case. 
[0005] Therefore, this invention aims at offering the power control unit of the electric vehicle which makes possible controlling 
the discharge of the dc-battery which can obtain a required motor output, without enlarging power resource. 
[0006] 

[Means for Solving the Problem] For this reason, invention of claim 1 is set to the electric vehicle supplied to the motor which 
changes into alternating current power with an inverter the direct current power outputted from a dc-battery, and drives a wheel. 
The electrical potential difference supplied to an inverter is changed from a dc-battery between the maximum discharge power in 
which the output of a dc-battery is possible, and a value lower than this. And the average value of the electrical potential 
difference which discharges from a dc-battery considered as the configuration which has the electrical-potential-difference 
intermittent supply circuit which carries out intermittent supply so that it may become more than the minimum operating voltage 
of an inverter and a motor. 

[0007] Invention of claim 2 makes a chopper circuit an electrical-potential-difference intermittent supply circuit, and prepares 
the smoothing circuit which graduates the electrical potential difference by which intermittent supply is carried out from a 
chopper circuit between a chopper circuit and an inverter. 

[0008] With the duty ratio which intermittent supply of an electrical potential difference set up based on the output request value 
and inverter input voltage of a motor, as invention of claim 3 drives an electrical-potential-difference intermittent supply circuit, 
it performs it. 

[0009] as for invention of claim 4, a duty ratio fills the relation of PL/Pmax<=alpha <=(VL-Vbo)/(Vbf^Vbo) (for a motor output 
request value, inverter input voltage [ need / the dc-battery maximum output and VL / for the motor output request value PL / 
Pmax ], and Vbo, dc-battery open circuit voltage and Vbf are [ alpha / a duty ratio and PL ] discharge final voltage) — it sets up 
like. 
[0010] 

[Effect of the Invention] In invention of claim 1, electrical-potential-difference supply to an inverter from a dc-battery is 
considered as the intermittent supply changed between the maximum in which the output of a dc-battery is possible, and a value 
lower than this, and the controlling the discharge of the dc-battery which can obtain a required motor output of the average 
value of the electrical potential difference which discharges from a dc-battery at this time becomes possible, without enlarging 
power resource, since it set up so that it might become more than the minimum operating voltage of an inverter and a motor. 
[0011] This reason is explained below. Generally, it originates in the reaction condition of a dc-battery, and it is known for the 
dc-battery that there is a property in which change of an electrical potential difference is overdue to change of the discharge 
current. Moreover, to change of a current, since change of an electrical potential difference is small, at the time of discharge 
starting, the power and the electrical potential difference in which a dc-battery to an output is possible become large compared 
with what shows a property with the linear relation between a current - an electrical potential difference. Therefore, it becomes 
possible to perform controlling the discharge from which a predetermined motor output is obtained, without being able to supply a 
sufficiently high electrical potential difference to an inverter or a motor by carrying out intermittent supply of the electrical 
potential difference so that the electrical potential difference in this initial field (namely, transient Held) of discharge may be 
supplied to an inverter or a motor, and enlarging power resource, since output possible power and an electrical potential 
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difference are in a high condition in early stages of discharge at the time of discharge. 

[0012] Since the smoothing circuit which graduates the electrical potential difference by which uses a chopper circuit for an 
electrical-potential-difference intermittent supply circuit, and intermittent supply is carried out from a chopper circuit between a 
chopper circuit and an inverter in invention of claim 2 was prepared, by being able to obtain intermittent supply voltage certainly 
in an easy circuit, and graduating this intermittent supply voltage, it can become possible to make more desirable alternating 
current power with an inverter, and revolution actuation of the motor can be carried out more smoothly. 

[0013] In invention of claim 3, since it was made to obtain by driving an electrical-potential-difference intermittent supply circuit 
with the duty ratio which set up intermittent supply of an electrical potential difference based on the output request value and 
inverter input voltage of a motor, intermittent supply of the optimal electrical potential difference to the inverter and motor 
according to the amount of treading in etc. of an accelerator pedal is attained. 

[0014] In invention of claim 4, since duty ratio alpha was set up so that the relation of PL/Pmax<=alpha <=(Vl_-Vbo)/(Vbf-Vbo) 
might be filled, intermittent supply with the optimal above-mentioned electrical potential difference can be performed certainly. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail. Drawing 1 shows the 
configuration of the power control unit in the gestalt of operation. The dc-battery 1 consists of group dc-batteries by which two 
or more unit dc-batteries (eel dc-battery) were connected to the serial. A voltage sensor 2 is formed among the plus minus two 
poles of a dc-battery 1 , and detects the battery voltage at the time of the charge and discharge of a dc-battery 1 . The voltage 
signal detected by the voltage sensor 2 is sent to the dc-battery controller 3. A current sensor 4 is formed between a dc- 
battery 1 and a chopper circuit 5, and detects the charge and discharge current of the group dc-battery 1. The current signal 
detected by the current sensor 4 is sent to the dc-battery controller 3. 

[0016] In case the chopper circuit 5 as an electrical— potential-difference intermittent supply circuit supplies the power from a 
dc-battery 1 after a smoothing circuit 6, it is a circuit which carries out an on-off change by duty control, and enables 
intermittent supply of an electrical potential difference, and is controlled by the dc-battery controller 3. A smoothing circuit 6 is 
a circuit which graduates the electrical potential difference outputted from a chopper circuit 5. An inverter 7 is switching the 
insulated-gate mold bipolar transistor (IGBT) 8 as a power component, and changes direct current power into alternating current 
power. An inverter 7 is controlled by the motor controller 9. 

[0017] Using a three-phase alternating current motor, alternating current power is supplied from an inverter 7, and a motor 10 
tells the revolution actuation output generated there to a reducer 1 1 here. It changes the course and divides [ power ] to right 
and left of the car cross direction through the differential gear to which a revolution slowdown and torque are increased, the 
input is outputted, and the output does not illustrate it by the gearing group which was prepared in the interior, and which is not 
illustrated, and a reducer 11 is respectively transmitted to Wheels 13a and 13b with the axles 12a and 12b on either side. 
[0018] The dc-battery controller 3 is the object which controls the charge and discharge of a dc-battery 1, based on the motor 
output request value (torque command value) acquired from the electrical potential difference detected by the voltage sensor 2 
and the current sensor 4, and each information and the torque processing controller 14 of a current, calculates the duty ratio 
which is the rate of turning on and off of a chopper circuit 5, and controls a chopper circuit 5. In order to realize the motor 
output request value calculated by the torque processing controller 14, the motor controller 9 calculates the on-off rate of 
switching of IGBT8 etc., and controls the power which turns IGBT8 on and off and is outputted from an inverter 7. 
[0019] The torque processing controller 14 is a controller which carries out electronics control of the whole electronic 
instrument for car actuation, and calculates the torque which a motor 10 should output based on each control input inputted 
from the accelerator pedal sensor 15 and the brake-pedal sensor 16. It connected by the communication wire, respectively, and 
the above-mentioned dc-battery controller 3, the motor controller 9, and the torque processing controller 14 have transmitted 
and received various required information. 

[0020] If it is in the power control unit of the electric vehicle which consists of the above configuration and the start switch 
outside drawing is turned ON on the occasion of car transit, discharge of a dc-battery 1 will be attained. A dc-battery 1 
discharges intermittently by carrying out on-off actuation of the chopper circuit 5 controlled by the dc-battery controller 3 
according to a duty ratio. Consequently, a chopper circuit 5 will be controlled so that that mean power outputted is made into the 
magnitude of predetermined power. The intermittent power outputted from the chopper circuit 5 is graduated in a smoothing 
circuit 6. The power graduated in the smoothing circuit 6 is inputted into an inverter 7, is changed into desired alternating current 
from direct current power by turning on and off of switching of IGBT8 controlled by the motor controller 9, and is outputted from 
an inverter 7. 

[0021] The alternating current power outputted from the inverter 7 is supplied to a motor 10, and a motor 10 carries out 
revolution actuation. Revolution driving force from a motor 10 is considered as a revolution slowdown with a reducer 11, and 
torque buildup is carried out, and power division is carried out with a differential gear, and it enables transit of a car by driving 
Wheels 13a and 13b through the axles 12a and 12b on either side. 

[0022] During transit, the torque processing controller 14 receives the demand signal of a driver from the accelerator pedal 
sensor 15 or brake-pedal sensor 16 grade, calculates the magnitude of the torque which a motor 10 should generate, and 
determines a motor output request value. The information about the motor output request value determined by the torque 
processing controller 14 is sent to the dc-battery controller 3 and the motor controller 9, and drives a chopper circuit 5 with the 
duty ratio which the dc-battery controller 3 set up according to the above-mentioned information. 

[0023] In this way, while enabling intermittent supply of the discharge voltage from a dc-battery 1 to a smoothing circuit 6, an 
inverter 7, and a motor 10, the optimal alternating current power for the motor controller 9 turning IGBT8 on and off according to 
the above-mentioned information, and supplying a motor 1 0 with an inverter 7 is made. In response to supply of this alternating 
current, a motor 10 becomes possible [ generating the revolution actuation output adjusted according to the demand of a driver 
etc. ]. 

[0024] Next, based on the flow chart of drawing 2 , it explains about the flow of processing of the dc-battery controller 3 
performed by the above-mentioned power control. This control processing is performed for every predetermined time. At step 
10, the dc-battery controller 3 acquires the signal of the electrical potential difference (electrical potential difference in the 
whole group dc-battery) V of the dc-battery 1 detected by the voltage sensor 2. At step 20, the signal of the charge and 
discharge current I detected by the current sensor 4 is acquired. The above-mentioned step 10 and step 20 are repeatedly 
performed until two or more sampling data gather per V-I property. 

[0025] At continuing step 30, using the battery voltage and the discharge current which were detected at the above-mentioned 
step 10 and step 20, a recursion operation is performed and the maximum discharge power is found. In addition, about calculation 
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of the maximum discharge power by this recursion operation, the - of 38th line 4th page right column of the 40th line of the 3rd 
page right column etc. has a detail publication among drawing 4 of JP.9-312901 A and its detailed description. 
[0026] At step 40 t the open circuit voltage Vbo which is V shaft intercept of a regression line is calculated based on the 
recursion operation of step 30. At step 50, the maximum discharge power Pmax of the dc-battery in which an output is possible 
(-Vbf-Idmax) is calculated from the straight line which carried out the recursion operation with the discharge final voltage Vbf 
(maximum output possible electrical potential difference of = dc-battery) and the discharge allowable current Idmax which are 
defined beforehand. If it is in the operation of the maximum discharge power of the dc-battery in which the open circuit voltage 
of the above-mentioned dc-battery and an output are possible, with a voltage sensor 2, a current sensor 4, the temperature 
sensor of a dc-battery 1 that is not illustrated, the electrical potential difference of a dc-battery 1, a current, temperature, etc. 
are measured, and the open circuit voltage Vbo of the maximum discharge power Pmax in which an output when a dc-battery 1 
discharges to discharge final voltage Vbf is possible, and a dc-battery is calculated on real time. 

[0027] At step 60, the output request value PL of a motor is read from the torque processing controller 14. At step 65, the 
inverter electrical potential difference (input-side electrical potential difference of the inverter 7 which carried out direct-current 
conversion) VL according to the motor output request value PL is read from the map defined beforehand. At step 70, duty ratio 
alpha of a chopper circuit 5 is calculated. Duty ratio alpha is set up so that a bottom type may be filled 
PL/Pmax<=alpha <=(VL-Vbo)/(Vbf-Vbo) 

[0028] It explains about the setting-out antecedent basis of duty ratio alpha in the above-mentioned intermittent discharge. If 
the maximum discharge power at the time of the discharge final voltage Vbf of a dc-battery in which an output is possible is set 
to Pmax, when a dc-battery output is insufficient in the inverter input voltage VL, duty ratio alpha is ****(ed) as follows. Since 
the motor output request value PL must be small, it must serve as alpha-Pmax>=PL from average output alpha-Pmax of a dc- 
battery. 

[0029] On the other hand, the maximum discharge power Pmax in which the dc-battery at the time of battery voltage Vbf to an 
output is possible sets internal resistance of a dc-battery to R, and is set to Pmax=Vbf-Idmax-Vbf-(Vbo-Vbf)/R. Moreover, 
since the average electrical potential difference which discharges from a dc-battery must be larger than the electrical potential 
difference VL which guarantees the motor output request value PL, it must serve as alpha-Vbf + (1 -alpha) and Vbo>=VL 
Therefore, duty ratio alpha is set as the following range. 
PL/Pmax<=alpha <=(VL~Vbo)/(Vbf-Vbo) 

[0030] At step 80, a chopper circuit 5 is driven by duty ratio alpha calculated at step 70. Therefore, the discharge from a dc- 
battery 1 turns into an intermittent discharge according to the above-mentioned duty ratio. In the above-mentioned intermittent 
discharge, the condition of no-load high tension and the condition of a heavy load low battery are changed by turns according to 
duty ratio alpha. And the above-mentioned duty ratio alpha is controlled so that the average electrical potential difference by the 
electrical potential difference at the time of no-load [ tl>is ] and the electrical potential difference at the time of a heavy load 
turns into an electrical potential difference which generates the output of the motor output request value required of the motor 
10. 

[0031] When a formula shows the weighted solidity of each physical quantity in the above-mentioned control for reference, they 
are average discharge voltage =alpha-Vbf+ (1 -alpha) of a dc-battery, and Vbo (output possible electrical potential difference of 
>= motor). 

Dc-battery average current = alpha-Ibf dc-battery output = alpha-Vbf-Ibf + (1 -alpha) and Vbo-Ibf motor output =eta [alpha-Ibf- 
{alpha-Vbf*- (1 -alpha) and Vbo}] (eta is the overall efficiency of a motor inverter) 
It becomes. 

[0032] Some conditions show an example of the above-mentioned dc-battery discharge power when carrying out an intermittent 
discharge, and the average output obtained at this time to drawing 3 . An axis of ordinate expresses a dc-battery discharge 
output, and an axis of abscissa expresses a charging time value. The dc-battery discharge output 40 at the time of carrying out 
intermittent supply is condition 40a of no-load high tension, and the intermittent output by which the change of condition 40b of 
a heavy load low battery is repeated at 2 times of a rate in 1 second here. With progress of a charging time value, although the 
value of no-load high tension falls, as for the dc-battery discharge output 40, it becomes gradually small [ the decreasing rate ]. 
Moreover, the value of a group dc-battery of this no-load high tension is the same as the maximum output value in which an 
output is possible, and can be maintained at a value higher than the case where a consecutive output is carried out. 
[0033] On the other hand, the average output 41 by the above-mentioned intermittent discharge serves as a value lower than 
the value of the part and no-load high tension which became off according to the duty ratio like a graphic display. Although the 
value of this average output 41 shows the same inclination as this since the value of the no-load high tension of the above- 
mentioned intermittent output falls with progress of a charging time value (however, that decreasing rate becomes small 
gradually), it is larger than the dc-battery output at the time of carrying out continuous discharge. 

[0034] The gestalt of operation is constituted as mentioned above, drives a chopper circuit with the duty ratio determined based 
On the output request value of a motor, and the input voltage of an inverter, and supplied the electrical potential difference 
discharged intermittently from a dc-battery as a result to the inverter or the motor. Therefore, since trying to use the electrical 
potential difference in early stages of discharge starting as the condition of no-load high tension and the condition of a heavy 
load low battery change according to a duty ratio, and the discharge output of a dc-battery are as large as a low battery and a 
short time is large, even if the power at the time of an intermittent discharge becomes larger than the time of continuous 
discharge and does not enlarge power resource as a result, it becomes possible [ obtaining a required motor output ]. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the power control unit in the gestalt of operation of this 
invention. 

[Drawing 2] It is the flow chart which shows the flow of the control processing in a dc-battery controller. 

[Drawing 3] It is related drawing of a dc-battery discharge output - a charging time value showing the example of a condition of 
an intermittent output and an average output. 
[Description of Notations] 

1 Dc-battery 

2 Voltage Sensor 

3 Dc-battery Controller 

4 Current Sensor 

5 Chopper Circuit (Electrical-Potential-Difference Intermittent Supply Circuit) 

6 Smoothing Circuit 

7 Inverter 

9 Motor Controller 

1 0 Motor 

14 Torque Processing Controller 
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'<yf!) ho-7 3(r«t!9iJ*P$ti5f-3 y/<BB 
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